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ABSTRACT.
The genital marking of Pheretima hawayana was
described by means of both optical and electron
microscopy.

Three cell types were identified, one

of which corresponded to the supportive epithelial
cell of the epidermis, whereas the other two cell
types were glandular.

The major glandular cells were

designated as the genital marking cells.

The other,

glandular cells designated as the peribasal cells had
not previously been identified in the genital marking
but were found to be the same as the glandular cells in
the lips of the male pores.

Histochemical staining

procedures were employed to classify the secretory
materials of the glandular cells.

The nature of the

mucopolysaccharide and mucoprotein secretory materials
is discussed in relationship to the fine structure of
the corresponding cell types.

A description of associated

structures including the blood vessels and the septate
junctions was also presented.

The results of this

investigation are such as to lend credence to the theory
that the genital markings secrete a viscous material which
serves to hold worms together during coition.

INTRODUCTION
At sexual maturity many earthworms, especially
the Megascolecidae, possess epidermal pits, ridges, and
papillae which are associated with glandular tissues.
The Oriental genus Pheretima (Megascolecidae), the largest
genus of earthworms, exhibits a number of glandular
papillae called genital markings in the regions of the
male pores and spermathecal pores.

In most species of

Pheretima the markings are paired ventrolateral struc
tures but show all possible variations in distribution .
within the genus.

P. diffringens possesses paired

markings in both the spermathecal and male pore regions
(Gates, 1937a), P. nipponica in the spermathecal pore
region only (Ohfuchi, 19 39) and P. hupeiensis in the
male pore region only (Gates, 1937b).

P. californica

lacks the markings entirely (Gates, 1937b, 1937c) while
P. hilgendorfi possesses non-paired mid-ventral patches
of multiple genital markings

(Yamaguchi, 19 30).

In some species of Pheretima the numbers and dis
tribution of genital markings are consistent and serve
as a reliable taxonomic character.

In P. hawayana (Rosa,

1891) the genital markings show some variability (Gates,
1965).

The markings are present both in the region of
1
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the spermathecal pores
of the male pores

(preclitellar)

(postclitellar) .

and in the region

The three pairs of

spermathecal pores are located anteriorly to the intersegmental furrows 5/6, 6/7, and 7/8; the clitellum is
on segments XIV through XVI; and the male pores are lo
cated on segment XVIII

(Gates, .1958).

The most common

pattern in P. haw ay an a in North America is one or two
genital markings in the vicinity of the third pair of
spermathecal pores (segment VII) and two to four genital
markings in the vicinity of the male pores
(Gates, 1965).

(segment XVIII)

In Louisiana the most common pattern of

genital markings is one pair on segment VII and one or
two pairs on segment XVII.

Preclitellar genital markings

were lacking in about 42% of the worms collected in the
state and a few worms lacked genital markings entirely
(Tandy, 1969).
The histological structure of the genital markings
and associated glands was first described in Drawida
japonica (Moniligastridae)

(Stephenson, 1922).

Similar

masses of gland cells were reported for P. hawayana
(Stephenson, 1930).

Ohfuchi

(1939) investigated the micro

anatomy of the genital markings of several species of
Pheretima from Japan and found that the internal structure
was similar to that described for Drawida japonica.

Tandy

(1969) briefly described the anatomy of genital marking
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glands in P. diffringens.

In all cases the gland cells

appear to reach the surface at the genital marking through
long slender necks (Stephenson, 1930; Ohfuchi, 1939; Tandy,
1969) .
Until this investigation, the nature of the material
secreted by the genital marking glands had not been inves
tigated.

However, attempts had been made to relate the

gland to structures in other genera of Megascolecidae as
well as to less well defined glandular areas in the
Lumbricidae.

Beddard (1890) described genital markings

in several species of Pheretima, some of which emptied
into the spermathecal pores.

At this time he maintained

that the genital marking glands produced a substance which
was abundant during coitus and served to hold the worms
together.

Later Beddard (1895) changed his opinion in

relating genital marking glands to so-called capsulogenous
glands in the Lumbricidae which were believed at that time
to produce albumen (Vejdovsky, 1884; Benham, 1890) .

The

term "capsulogenous glands" was however originally pro
posed by D'Udekem (1853) for structures in the Lumbricidae
which he believed produced the capsule or membrane of the
cocoon.

The possibility that genital markings served as

recognition markings to prevent hybridization of the
species has also been suggested (Beddard, 1912). Stephenson
(1930) supported Beddard's original idea by suggesting that

the supernumerary papillae found on worms in moist areas
were needed to produce copious amounts of mucus so that
worms could adhere during copulation.

Grove and Cowley

(1926, 1927) used histochemical stains on the clitellum
and other glandular areas of Eisenia foetida and Lumbricus
terrestris and concluded that the cells of the clitellum
were responsible for production of the albumen and the
cocoon membrane, while the capsulogenous glands were
active during coition and provided a sticky substance
for the adhesion of mating partners.

The term capsulo

genous glands was perpetuated by Yamaguchi

(19 30) in

describing the genital markings of P. hilgendorfi, but
he suggested no function for them.
Stephenson,(19 30) referred to the genital marking
glands as copulatory glands and in another section of
his treatise suggested that in Pheretima the genital
markings might have given rise to the spermathecae.
Stevenson based his conclusion on the similarity of
structure between the genital marking glands and some
spermathecal diverticula in the Pheretima.

Ohfuchi

(1939)

noted great similarity in the anatomy of a number of
species of Pheretima and agreed with Beddard's second
proposal that the genital marking glands secrete albumen
into the cocoon.
Lufty (1965a, 1965b) performed histochemical stains
on the clitellum of Allolobophora caliginosa and Pheretima
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hawayana and found cells which he. considered to be
analogous to those involved in the production of albumen
and the cocoon membrane as described by Grove and Cowley
(1926, 1927) in Eiseriia foetida and Lumbricus terrestris.
Lufty maintained that on the basis of histochemical tests
the clitellar cells designated by Grove and Cowley do not
produce the albumen and the cocoon membrane, but he sug
gested no site for the production of these substances.
The possibilities therefore remain that the genital marking
glands could produce either albumen for the cocoon or a
mucus-like substance for the adhesion of mating worms.
Recently the third possibility, that the genital markings
serve as recognition marks, was revived by Tandy (1969) j
who suggested that the genital markings serve as pheromone glands.

The glands might also have an unsuspected

function.
It is apparent that knowledge of the detailed
anatomy of the genital marking glands and the identity
of the secretory material of the glands is inadequate.
This study was therefore undertaken to describe completely
the apparatus associated with the genital markings of
Pheretima hawayana by both optical and electron microscopy,
and by histochemical means to classify the secretory
material elaborated by the gland cells.

By these means it

was anticipated that some light would be shed on the
function of the gland, which at present remains disputed.

MATERIALS AND METHODS
Tissue preparation for optical microscopy
Sexually mature Pheretima hawayana were collected
in the Baton Rouge area and Pheretima diffringens were
collected in the region of Port Vincent, Louisiana.

One

specimen of Drawida japonica was obtained from the col
lection of Dr. Walter J. Harman of Louisiana State Uni
versity, Department of Zoology.
The worms were processed immediately or kept in
containers of moist earth in the laboratory at room
temperature until needed.

The worms were killed in either

10% ethanol or hot water prior to fixation or fixed
directly.

When the entire worm was to be fixed, longi

tudinal incisions were made through the body wall to
facilitate rapid penetration of the fixative.

Alternately,

the several segments containing genital marking glands were
removed and immersed in the fixative.
In an attempt to eliminate artifacts, several
fixatives were tried.

These included 10% neutral buffered

formalin, Zenker's acetic acid fluid, and Bouin's fluid.
Zenker's acetic acid fluid proved to be the best fixative
and gave the best contrast with the routine stains.

When

the entire segment was to be sectioned, the gut of the
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fixed worm was first cleared of grit by flushing with a
stream of water from a pipette.
Tissues were either stored in 70% ethanol or
dehydrated immediately in three changes of absolute
ethylene glycol monoethyl ether, 3 hours each; cleared
in three changes of methyl benzoate, 15 minutes each;
and washed in two changes of benzene, 5 minutes each.
The tissues were then infiltrated with three changes
(3 hours each) with Paraplast (Scientific Products)
58° C, and embedded in Paraplast.

at

Serial sections of

5 to 10 microns were cut on a Spencer rotary microtome
and mounted on glass slides with Mayer's albumen.
For routine examination sections were stained with
Harris* hematoxylin and counterstained with eosin (Werner
and Geer, not published).

For connective tissue,

Heidenhain's modification of the Mallory-Azan triple
stain was employed (Bensley and Bensley, 1945).
Tissue preparation for electron microscopy
The anterior half of the body was cut from the
living earthworm and pinned in a dissecting dish.

Longi

tudinal mid-dorsal incisions were made and the body wall
was pinned open to expose the genital marking glands on
the ventral body wall.

A few drops of fixative were

placed over the glands, which were then immediately
removed with a portion of the body wall and placed in a
vial containing 5 ml of fixative.

One per cent osmium

8
t etro x i d e in veronal acetate buffer (Palade, 1952)
containing 4.5 g sucrose per 100 ml

(Caulfield, 1957)

was used exclusively as the fixative.
The tissues were fixed for 1 hour at 3° C in osmium
tetroxide, postfixed one-half hour in 10% neutral buffered
formalin, then dehydrated in a graded series of ethanols.
Clearing was accomplished with propylene oxide, two
changes of 15 minutes each, followed by treatment with
propylene oxide and Maraglas

(1:1) for 30 minutes; then

it was placed in Maraglas at 3° C for 1 hour in the
refrigerator, and a second change for 12 to 14 hours in
the refrigerator.

Gelatin capsules

(number 00) were

employed for embedding the tissues in Maraglas which
was hardened at 60° C for 24 to 48 hours

(Freeman and

Spurlock, 1962; Spurlock, et. al., 1963).
Sections were cut with glass knives on a Porter
and Blum MT II microtome at 600 to 800 angstroms as
judged by interference coloring of the section (Peachy,
1958) as they floated on a 20% acetone bath.

The sections

were mounted on uncoated copper grids and stained with
uranyl acetate, 1 minute (Watson, 195 8) and lead citrate,
5 minutes

(Reynolds, 1963).

A modified RCA - EMU 3

electron microscope operated at 50 kv was used to examine
the thin sections which were photographed using Cronar
Ortho A film.
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Alternate 1 to 2 micron thick sections were cut,
mounted on glass slides, and stained with Paragon 1301 (C. C. Paragon Co.) for light microscopic exami
nation (Spurlock, et. al., 1966).
Procedures for histochemis try
Preliminary histochemical tests indicated that
the nature of the secretory materials of both the genital
marking cells and peribasal cells were carbohydrates.
The scheme of carbohydrate histochemistry presented by
Barka and Anderson (1963) provided the primary outline
to which supplemental stains were added from Thompson
(1966) .
For histochemical examination, tissues were treated
as indicated for optical microscopy, but in some cases
specific fixatives were used for certain histochemical
stains.

In most cases two or more different fixatives

were used in an effort to eliminate artifacts.
Periodic acid-Schiff (PAS):

The PAS stain generally

indicates the presence of neutral mucopolysaccharide,
mucoprotein, glycoprotein and glycogen (Thompson, 1966).
Acid mucopolysaccharides do not react or at best react
weakly with the Schiff reagent.

The PAS procedure

(Barka

and Anderson, 196 3) was used with and without prior
treatment to remove noncarbohydrate material which might
be PAS reactive.

Sections were stained without prior

10
oxidation by periodic acid as a test of the specificity
of the reaction.

Other sections were treated with a 2:3

mixture of acetic anhydride : pyridine for 12 hours at
room temperature.

This procedure blocked the hydroxyl

groups necessary for reaction with the Schiff rea,gent and
provided a further test of the specificity of the PAS
reaction

(Barka and Anderson, 1963) .

The removal of glycogen was accomplished by
digestion with a 0.1% solution of diastase (

-amylase-

malt> Sigma Biochemical Co.) in 0.02 M phosphate buffer
(pH 6.0), containing 0.8% sodium chloride, for 1 hour at
room temperature.

Control sections were treated with the

buffer and salt solution without the enzyme.
Tissues fixed in both 10% buffered formalin and
10% formalin in absolute ethanol, for the preservation
of glycogen (Thompson, 1966), were used in this series.
The latter proved to be a better fixative of glycogen.
Toad liver was subjected to the same treatment and served
as a standard.
Best1s carmine:

Best's carmine stain is relatively

specific for glycogen (Bondy, Sheldon, and Evans, 1948).
Although oleic acids, mucins and fibrin are also routinely
stained by Best's carmine, the reaction is far less
intense than for glycogen (Thompson, 1966).

Galactogen

also stains with Best's carmine but was distinguished

11

from glycogen by diastase and pectinase digestion
(Grainger and Shillitoe, 1952) .
Best's carmine (Thompson, 1966) was used on
sections both with and without prior treatment with
diastase and pectinase.

Diastase digestion was accom

plished as previously described for the PAS stain.
Pectinase

(Nutritional Biochemicals) was used in a con

centration of 0.4 g enzyme per 100 ml acetate buffer
(pH 4.2).
37° C.

Digestion was accomplished in 48 hours at

Control sections were incubated in buffer

solution without the enzyme.

Both experimental and

standard (toad liver) tissues were fixed in 10% neutral
buffered formalin and 10% formalin in absolute ethanol,
which is a better preservative of glycogen (Thompson, 1966).
Astra b l u e :

When used in acid medium astra blue is

specific for acid mucopolysaccharides
196 3).

(Barka and Anderson,

Astra blue, one per cent in one per cent acetic

acid, was used for 5 to 10 minutes.

Chondroitin sulfate

A and C was removed by using 0.05% hyaluronidase in
acetate buffer (pH 5.0) for 1 hour at 37° C.

The controls

were treated with buffer solution without the enzyme.
Fixatives used in this series include 10% neutral
buffered formalin, Zenker's acetic acid fluid, and 10%
neutral buffered formalin containing 0.5% cetylpyridinium
chloride.

The latter combines specifically with acid
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mucopolysaccharides and renders them insoluble, and was
therefore the best fixative for my purpose

(Barka and

Anderson, 1963).
Alcian b l u e ;

Acid mucopolysaccharides were also

detected with Alcian blue, 0.01% in 3% acetic acid
(glacial - 99.7%)

(Thompson, 1966).

Some sections in

this series were counterstained with 0.01% napthol yellow
to indicate protein.

Neutral buffered 10% formalin and

10% formalin in absolute ethanol were the fixatives used
for this stain and gave similar results.
Mayer’s mucicarmine;

Mayer's mucicarmine is rela

tively specific for acid mucopolysaccharides produced
by cells of epithelial origin, whereas acid mucopoly
saccharides produced by cells of fibroblastic origin
usually stain poorly with this technique (Thompson, 1966).
Mucopolysaccharides of relatively low acidity are stained
by Mayer's mucicarmine technique

(Gomori, 1954).

Sections

were stained with 1% carmine (National Aniline number 475)
in 50% ethanol containing 0.5 g aluminum chloride (Thomp
son, 1966).

The. ^fixatives used were 10% neutral buffered

formalin, 10% neutral buffered formalin containing 0.5%
cetylpyridinium chloride and 10% formalin in absolute
ethanol.

Neutral buffered 10% formalin containing 0.5%

cetylpyridinium chloride was the best fixative of acid
mucopolysaccharides.
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Bismark brown;

For the demonstration of muco-

proteins, Bismark brown Y (National Aniline number 458)
was employed in a concentration of 0.5% in acidified
ethanol solution (Thompson, 1966).

Tissues used here

were fixed in 10% neutral buffered formalin.
Azure A:

Metachromasia with Azure A was utilized

as a further indication of acid mucopolysaccharides.
Azure A was used on untreated sections and sections
which were previously sulfonated.

The latter process

caused neutral mucopolysaccharides to become metachromatic.
Sulfonation was accomplished by treating sections for 10
minutes in a 1:1 solution of concentrated sulfuric acid ;
o

anhydrous ethyl ether at 0

C (Barka and Anderson, 1963).

The sections were stained for 10 minutes in a 0.01%
solution of Azure A in 30% ethanol.

Neutral buffered

10% formalin and 10% neutral buffered formalin containing
0.5% cetylpyridinium chloride were the fixatives employed.
The latter was the best fixative.
Mercuric bromphenol blue;

Staining with mercuric

bromphenol blue was used to detect the presence of pro
teins.

Although basic proteins readily bind the acid

dye, mercury ions facilitate binding of other proteins.
Dye binding with nonprotein substances is negligible
(Barka and Anderson, 1963).

Bromphenol blue was employed

in a solution of 0.1 g of dye and 10 g mercuric chloride

14
in 100 ml of water for 15 minutes.

The sections were

washed in 0.5% acetic acid for 20 minutes.

Tissues

fixed in 10% neutral buffered formalin and 10% neutral
buffered formalin containing 0.5% cetylpyridinium
chloride gave comparable results.

OBSERVATIONS
External morphology and gross anatomy
The external characteristics of 42 worms of the
species Pheretima hawayana collected in the Baton Rouge
area were well within the ranges reported for Louisiana
(Tandy,. 1969) .

A mature worm of 81 segments

CFigs. 1

and 2) measured 95 mm in length and 3.5 mm in diameter.
The clitellum occupies most or all of segments XIV through
XVI and measured 3 mm in length (Fig. 1).

The female pore,

visible externally as a dark spot (0.35 mm diameter), pene
trates the clitellum on the midventral surface of segment
XIV.

The most common patterns of genital markings en

countered were one or two markings on segment VII (pre
clitellar) .

The single pair of male pores

(0.5 mm diameter)

located on segment XVIII was arranged bilaterally on the
ventrolateral surfaces at the equator of the segment,
thus interrupting the equatorial ring of setae (Fig. 1).
The postclitellar genital markings are located medial and
just posterior to the male pores.

A sharply outlined

trench marks the circumference of the genital marking
and there might also be a number of concentric wrinkles
in the surrounding epidermis depending on the muscular
tone of the animal at fixation.
15

The coloration of the
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genital marking itself is darker in the center than at
the periphery.

Postclitellar genital markings are

slightly larger (0.35 to 0.40 mm) than preclitellar ones
(0.30 to 0.35 mm).

Because they occur in greater numbers

and are larger, the postclitellar genital markings were
primarily used for all descriptive techniques.

There

are no indications that pre- and postclitellar genital
markings differ in any respects other than size and
number.
Dissection of segment XVIII from the dorsal side
necessitated moving the intestine and the large white
prostate glands to one side to reveal the cluster of
white mushroom-shaped masses of gland cells associated
with the genital marking (Fig. 2).

There are one to five

of these glandular masses, each 0.3 to 0.6 mm in size,
located on the ventral body wall medial to the prostatic
duct (which communicates with the male pore) and lateral
to the ventral nerve cord.

Each mass connects to the

body wall via separate or confluent stalks.

The stalks

assume various positions because of compression by the
organs which lay above.
Optical microscopy
Cross sections of the worm passing through the
genital marking usually show the bodies of several glands
along with cross sections of the stalks of glands which
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lay above or below the plane of section (Fig. 3).

In

some instances, however, the section passed through the
stalk and body of one glandular mass and revealed that
the glands were entirely ductless in the usual sense of
the term (see also Fig. 6).

The stalks originate at the

center of the genital marking, where they are all con
fluent, penetrate the circular and longitudinal muscle
I

•

of the body wall, and diverge to produce the retro
peritoneal mushroom-shaped glandular masses.

These

sections also revealed that there are a second group of
gland cells which are shorter, somewhat more slender, and
retain more of the basophilic stain than do the genital
marking cells.

These glands, which are referred to as

peribasal glands, are also located around the openings
of the male pores

(Fig. 3).

Both the genital marking

and peribasal glands are enveloped with muscle, connective
tissue, and peritoneum at various sites and nearby there
is a network of blood vessels.
The genital marking gland:

The body of the genital

marking gland (most distal part from the epidermis) is
composed of a densely packed cellular mass covered by the
simple squamous epithelium of the peritoneum (Fig. 4 and
6) .

Connective tissue in this earthworm is generally

quite sparse and even the Mallory-Azan connective tissue
stain revealed little connective tissue underlying the
epithelium or between the genital marking cells.

The
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base (25 to 35 microns) of the genital marking cell is
located in the body of the gland.

One end of the genital

marking cell tapers to form a long tube which extends to
the epidermis.

The spherical nucleus

(4.5 microns) con

tains fine chromatin material and a single prominent
nucleolus.

The cytoplasm is lightly eosinophilic but

contains areas of moderate basophilia and a small number
of secretion granules.

As the cell tapers and enters the

stalk of the gland the secretion granules become larger
and more numerous.

The stalk proper is fibrous in

appearance with only a few fusiform nuclei which might
be the nuclei of wandering cells

(Fig. 5 and 6).

The

portion of the genital marking cell in the stalk is tubular,
measuring approximately 5.8 microns across, and is packed
with secretory granules 1 to 1.5 microns in size.

The

granules are lightly basophilic to chromophobic.

Just

prior to penetrating the muscle of the body wall the stalk
acquires a coat of one or two layers of circular muscle,
a minute amount of connective tissue, and a covering of
simple squamous epithelium.

The peritoneum is lost as

the stalk penetrates the body wall but the muscles and
connective tissue increase slightly.

Prior to reaching

the external marking, the stalks of all genital marking
glands become confluent.

Each cell releases its secre

tory product in the center of the genital marking through
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its own small pore in the cuticle.

The total length of

the genital marking cells ranges from 1 to 1.2 mm.
The peribasal glands:

Like the genital marking

glands, the peribasal glands are also a group of unicellu
lar glands

(Fig. 5 and 6).

They are completely embedded

in the body wall where they surround the stalk of the
genital marking glands.

A complete capsule of 1 to 3

layers of muscle cells and a slight amount of connective
tissue surrounds the peribasal glands.

The base of the

peribasal cells measures 10 to 14 microns and tapers to
form a long tube, 0.35 to 0.40 mm in length, which reaches
the epidermis.

The subspherical nucleus is 4 to 5 microns

and moderately chromatic while the surrounding cytoplasm
is basophilic.

Secretory granules, 1 to 2 microns in

size, are lined up in the slender tubular portion of the
cell.

The peribasal cells make their exit at the periphery

of the genital marking.

The columnar epidermis covers the

extreme edge of the genital marking and the trench which
surrounds it.

The modified epidermal cells are longer

(90 to 100 microns) than the columnar epidermal cell
(60 to 70 microns)
apices.

and contain minute granules at their

The cuticle overlying the genital marking shows

some fine cross striations which probably represents the
minute pores through which the glandular cells release
their secretion.
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Associated structures:

As the glandular stalks

penetrate the muscle layers of the body wall, fibers of
the circular muscle layer pass between the stalks.

A

few muscle fibers originate from the circular muscle
layer, run parallel to the stalks and insert on the
basement membrane within the periphery of the genital
marking.

This arrangement probably makes slight move

ment of the genital marking possible.
A network of blood vessels occurrs in the region
of the genital marking in greater number than are found
in the surrounding tissues.

Some of these vessels pene

trate the glands and extend into the distal portions.
Some of the smaller vessels also penetrate the epidermis
in the area of the genital marking.
Other species:

Two species for which the micro

anatomy of the genital marking had been described were
reexamined.

The genital marking glands of Pheretima

diffringens described by Tandy (1969) possessed essentially
the same microanatomy as that described here for P.
hawayana.

Although not reported in the literature, peri

basal glands are present, at least in conjunction with the
preclitellar genital markings, which I investigated.

The

genital marking glands of Drawida japonica (Stephenson,
1922) are likewise a group of unicellular glands similar
to those described for P. hawayana with the exception that
the entire gland is completely surrounded by several layers
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of muscle cells, whereas only the stalk of the genital
marking gland of P. hawayana is so invested.

Other

muscle fibers originate at the basement membrane of the
epidermis outside of the genital marking and insert on
the genital marking stalks of D. •japonica.

This arrange

ment is reminiscent of the arrangement of muscles that
protrude the setae, a likeness which suggested that the
muscle on the genital marking of D. japonica functions
to protrude the genital marking during coitus.

These

muscles are better developed in D. japonica than in P.
hawayana.

In P. hawayana the muscles insert within the

circumference of the genital marking, an arrangement
which would serve to withdraw the genital marking.

The

significance of this anatomical difference between the
two species is not yet apparent.

I did not find peri

basal glands in the single specimen of D. japonica that
I examined.
Of the many species of Pheretima described by
Ohfuchi

(1939), all the genital markings were described

as bundles of unicellular glands but no mention was made
of peribasal glands and his photographs were too lacking
in detail to make any positive decision on their presence
or absence.

I suspect, however, that peribasal glands

might prove to be present when some of these species of
Pheretima are more closely examined.

22
Electron microscopy
The fine structure of the cells associated with the
genital marking complex are described proceeding from the
most distal end (base) to the cuticle.

Figure 7 indicates,

by figure numbers, the areas from which the electron
micrographs were taken.

The various muscular and con

nective tissue coats are discussed with the respective
portions of the cells they invest.

As far as possible,

orientations of the micrographs correspond to the orien
tation of Figure 7 so that the portions of the cells
closest to the cuticle (ventral surface of the worm)

are

nearest the bottom of the page.
The genital marking gland:

The body of the genital

marking gland is a densely packed cellular mass composed
of the bases and necks of the cells.

The peritoneum, a

tunica serosa, covers the body of the genital marking
gland and part of the stalk.

The peritoneum is composed

of simple squamous epithelium (mesothelium) which is
continuous but attentuated in places

(Fig. 8).

Portions

of the mesothelium lay on a thin layer of collagenous
connective tissue fibrils while other areas abut directly
on the genital marking cell to which they are attached by
desmosomes

(Fig. 10).

Dense plaques in the adjacent cyto

plasm of adjoining epithelial cells were noted.

These

were identified as zonula adherens by Coggeshall (1965)
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who established that they formed a continuous belt around
the cells and did not serve as the site of attachment of
tonofibrils.

No free surface specializations are apparent

on the mesotheTium but the cells are usually coated with
a flocculent precipitate probably derived from the coelomic
fluid.

The nuclei of the mesothelium are long ovals

oriented to agree with the long axis of the cell.

The

contents of the nucleus consisted of coarse chromatin
flakes and a single nucleolus with a finely granular
background (Fig. 9) .
The bases of the genital marking cells bear a
junctional complex at the peritonal surface and scattered
desmosomes along the lateral border (Fig. 10).

Regions

where the intercellular gaps widened greatly were also
observed.

The junctional complex lacks a zonula occlu-

dens, as did the peritoneum and all other junctions
examined here.

This will be described completely in a

later section.
The nucleus of the genital marking cell is slightly
scalloped and contains finely granular chromatin and a
single nucleolus

(Fig. 8 and 9).

An extensive Golgi

complex is oriented parallel to the basal and lateral
surfaces of the cell (Fig. 8 and 9) and continues into
the neck (Fig. 12).

The Golgi complex: is composed of

10 to 15 parallel curved cisternae with a great many small
vesicles near the concave surfaces

(Fig. 8 and 9).

Some
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of the vesicles appeared to increase in size and became
indistinguishable from the many dilated smooth cisternae
which occupied most of the cytoplasm of the cell base
(Fig. 10) .
Rough endoplasmic reticulum is generally confined
to the immediate perinuclear cytoplasm and becomes
dilated as it recedes from that area.

At its outer

extremity it blends with the dilated cisternae which
were not visibly granular (Fig. 11).

The smooth reticu

lum appears foamy around the edges and lacks a distinct
limiting membrane.

Secretory droplets interspersed in

the smooth endoplasmic reticulum appear less dense than
those which accumulated in the neck of the genital marking
cell.

The droplets are similar in appearance to those of

the vertebrate goblet cell.

Favorable sections indicate

that the secretory droplets evolved directly from the
dilated smooth cisternae

(Fig. 13).

In several instances

the small vesicles associated with the Golgi complex were
seen coalescing with maturing secretory droplets.

The

maturing droplets have a much more distinct membrane than
the cisternae from which they arose.

As the droplets

entered the neck of the cell they increased appreciably
in density.

In this region the Golgi complex ends in a

characteristic recurved network of cisternae and associated
small vesicles

(Fig. 12).
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The cell body also contains small ovoid mitochondria
mainly in close topographic association with the rough
endoplasmic reticulum.

Scattered electron dense bodies

of heterogenous composition probably represent lysosomes
(Fig. 117T
In the coelomic portion of the stalk the tubular
portions of the genital marking cells are packed with
secretory droplets, some of which were in the process of
fusing (Fig. 14).

The fusion might be artifactual.

Tangential profiles of some of the cells indicate a longi
tudinal array of microtubules, with an electron dense
circumference and an electron lucid center, underlying
the plasmalemma

(Fig. 14 and 15); these measure approxi

mately 200 angstroms in diameter.

A typical basal lamina

surrounds the stalk, and there are sparse connective
tissue fibrils here and between the first few layers of
muscle cells that made up part of the coat (Fig. 14).
The fibrils are about 150 angstroms in diameter and are
composed of collagen (Laverack, 1963).

No cell was found

resembling the typical vertebrate fibroblast or even the
small connective tissue cell of the leech reported by
Coggeshall and Fawcett (1964).
Three to five layers of oblique striated muscles
are present in the coat of the coelomic part of the stalk.
Thick and thin myofilaments are found in the cytoplasm
and oblique striations of the myofibrils are evident in
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longitudinal sections

(Fig. 14).

On the basis of these

characteristics the term, oblique striated muscle, pro
posed by Rosenbluth (1965) seems more appropriate than the
term helical smooth muscle proposed by Hanson (1957) and
Hanson and Lowy (1960).

The muscle cells bear a complete

external lamina like the basal lamina of the stalk except
where certain muscle cells came into close apposition
(Fig. 15) .

Numerous desmosomes along the plasmalemma

serve as sites of insertion of tonofibrils.

Similar

dense plaques were found in the adjacent external lamina.
The regions of close apposition are characterized by an
intercellular gap of about 150 to 180 angstroms which is
filled with a substance of moderate electron density; no
tight junctions were seen.
The outermost coat of this portion of the stalk is
the peritoneum; no connective tissue is found here or
between the outer layers of smooth muscle cells.

Two

types of wandering cells were observed in the coat.

Those

cells designated as macrophages contain irregular electron
dense bodies which are probably phagocytized material
(Fig. 14).

Another cell, identified as a coelomocyte,

contains polygonal crystaloids, 3 to 6 microns in length,
which Coggeshall

(1965) identified as protein material

(Fig. 14) .
The region of the lower stalk, with a few notable
exceptions, has essentially the same relationships as the
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upper stalk (Fig. 16) .

Since this region lies in the

body wall, the peritoneum is lost but the: number of
muscle layers in the coat increased.

Large secretory

droplets still pack the tubular portions of the genital
marking cells.

A space of 390 to 400 angstroms bisected

by and an electron dense line of 150 to 200 angstroms
separates adjacent genital marking cells (Fig. 16).

The

intermediate dense line appeaxs in some sections to be
fibrous.

This material is confined to the lower middle

stalk because it is never present where the stalks con
verged and pass on among the modified epidermal cells to
release their secretion through small pores in the cuticle
(Fig. 17).
The modified epidermal cells contain an oval nucleus
in the distal end of the cell.

The nucleus contains

chromatin flakes of medium density and a single nucleolus
against a finely granular background (Fig. 18) .

The peri

nuclear cytoplasm contains dilated cisternae of rough
endoplasmic reticulum and a well developed Golgi complex
is present in the supranuclear region.

The apical cyto

plasm of the modified epidermal cell contains fine
granules and tracts of tonofibrils which insert on half
desmosomes at the cuticular surface (Fig. 19 and 27) .
The apical surface of the modified epidermal cell bears
microvilli, some of which penetrated the cuticle and

28
reached the exterior.

Except for their shape, the

modified epidermal cells resemble the normal epidermal
cells described by Coggeshall (1966).

These cells also

contained small granules which he identified as pigment
granules.
The peribasal gland:

The peribasal gland is com

pletely surrounded by a coat of from 3 to 5 layers of
oblique striated muscle and a slight amount of connective
tissue

(Fig. 20).

Part of this coat is shared with the

stalk of the genital marking gland, which has the same
arrangement.

The base of the peribasal cell contains a

great number of distended cisternae of rough endoplasmic
/

reticulum and a well developed Golgi complex (Fig. 20).
Much of the cytoplasm in the base of the cell is therefore
occupied by potential secretory material which appears
as finely granular material in the dilated rough endo
plasmic reticulum (Fig. 21).

In this distended state

many areas were seen where the parallel cisternae were
confluent

(Fig. 22).

Filamentous mitochondria 2.5 to

3.0 microns in length occupy the narrow areas of cyto
plasm between the rough endoplasmic reticulum.
The nucleus of the peribasal cell is oval and
somewhat scalloped.

The chromatin material is granular

and was clumped into flakes of moderate density.
prominent nucleolus is also present.

A

The Golgi complex

lies in the supranuclear cytoplasm and consists of
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flattened cisternae and some dilated vesicles.

The

secretory droplets evolved in the area of the Golgi
complex and become more dense as they move into the
neck of the cell (Fig. 23).
The stalk of the peribasal gland contains the
tubular portions of the cells, where often the large
secretory droplets were lined up one behind the other.
The droplets range from 1 to 2 microns in size and
occupy the full width of the cell (Fig. 24).

Micro

tubules, like those in the stalk of the genital marking
cell, are also found near the plasmalemma of the peri
basal cell.

The dense material in the' intercellular

space is also the same as that described for the genital
marking cell.

The coat in this region of the peribasal

stalk consists of 3 to 4 layers of oblique striated
muscle and some connective tissue.

Coelomocytes with

polygonal protein crystaloids are present here and also
in the adjoining body wall.

The peribasal cells, like

the genital marking cells, pass among modified epidermal
cells at the genital marking and release their secretion
through pores in the cuticle (Fig. 25 and 26).
The junctional complex at the cuticular surfaces
of the genital marking, peribasal, and modified epidermal
cells are similar.

Figure 27, taken from the periphery

of the geintal marking, illustrates the structure of the
junctional complex.

A tight junction (zonula occludens)
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is absent.

Coggeshall (1966) reported the absence of

tight junctions in epidermal/ endothelial, peritoneal,
and neuroglial cells of Lumbricus terrestris.

For

Pheretima hawayana these observations are confirmed for
peritoneal and endothelial cells and extended to the
three cell types in the genital marking.

The outermost

area of the junctional complex reported by Coggeshall
(1965, 1966) was the zonula adherens which he identified
as a continuous belt around the apex of the cell.

The

intercellular gap was 200 angstroms in Lumbricus
terrestris, but was approximately 130 angstroms in
Pheretima hawayana.

The gap contains finely granular

material of medium density.

The lateral cell membranes

measures 65 angstroms in thickness.

In P. hawayana the

second region of the junctional complex is the macula
adherens which consists of electron dense plaques in the
adjacent cytoplasm of opposing cells.

Tonofibrils insert

on the macula adherens and the intercellular gap is 130
to 150 angstroms.

The cell membranes are relatively

straight in the first two regions but in the septate
junction, which follows the membranes, curve as much as
in any other part of the lateral cell surface.

Septate

junctions were observed to extend as far as 1.5 microns
from the cuticle.

The intercellular gap is approximately

150 angstroms and is traversed by dense bars 60 to 65
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angstroms thick which were not trilaminar as those
reported for Hydra by Wood (.195.91961).

The bars are

irregularly spaced by usually about 200 angstroms apart.
Coggeshall

(1966) reported that he could follow the

septae on epidermal cells for some distance in tangential
sections and suggests that they might completely girdle
the cell.

The zonula adherens, desmosome and septate

junction are consistently a part of the junctional complex
of P. hawayana.

Although Coggeshall (1966) reported iso

lated desmosomes along the lateral borders of the epi
dermal and intestinal epithelial cells, a desmosome was
not included as part of the junctional complex of
Lumbricus terrestris.
Blood vessels:

Blood vessels form a convoluted

network at the base of the genital marking and peribasal
glands.

Small vessels also penetrate between the glandular

elements and extend into the body and the surrounding coats
of the glands.

In cross section, the walls of these

vessels are composed of from one to four endothelial cells.
Points of contact between adjacent endothelial cells are
characterized by a straight intercellular cleft of about
75 angstroms, which is filled with an electron dense
material

(Pig. 13).

These junctions are the same as the

junctions between the cells of the peritoneum.
observation was made by Coggeshall

(1966) .

A similar

The lumens of
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all vessels are filled with erythrocruorin, the ironcontaining respiratory pigment,, which is suspended in
the plasma.

This observation was contrary to a report

by Hama (1960) that the lumens of the capillaries were
empty.
Hama (1960) and Coggeshall (1965, 1966) both failed
to report the sizes of the blood vessels they referred
to as capillaries.

The smallest vessels observed in con

junction with the genital marking apparatus possess a
lumen diameter of 1.5 to 2.0 microns

(Fig. 28).

Vessels

of approximately the same size are observed in cross
section to have a wall composed of a single endothelial
cell or portions of as many as three endothelial cells
(Fig. 2 8).

The endothelial nucleus

(3.0 to 3.5 microns)

is actually larger than the lumen size of the capillaries.
Again, contrary to previous reports, airiebocytes are seen
in the lumens of the capillaries

(Fig. 13).

Hama (1960)

reported that the amebocytes were confined to the larger
blood vessels.
The luminal surface of the endothelium of all blood
vessels observed bears an extraneous coat which Hama
(1960) referred to as an "internal basement membrane".
This term has unfavorable connotations however, and would
be more correctly referred to as an apical lamina.

In

capillaries with lumens of 1.5 to 2.0 microns, and an
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apical lamina of about 350 angstroms thickness is
observed (Fig. 28).

This is partly composed of two

layers like those of the classical vertebrate basal
lamina.

In addition a lighter area, often as thick

as 900 angstroms with longitudinal filaments 150
angstroms thick (Coggeshall, 1965), lines the surface
of the lumen (Fig. 28).

This inner layer shows no sharp

demarcation at the free surface and the filaments often
intermingle with erythrocuorin particles.

No basal

lamina is present on the tissue side of the endothelium
(Fig. 28).
The cytoplasm of the endothelial cells of the
capillaries which penetrated the body of the genital
marking gland contains fine filaments which Hama (1960)
and Coggeshall (1965) called myofilaments

(Fig. 2 8).

In

the endothelium of the network of blood vessels around
the base of the genital marking gland these myofilaments
are much more obvious

(Fig. 29).

These vessels are

definitely contractile and the endothelium can be classi
fied as a myoepithelium.

Pinocytotic vesicles in the

endothelium were seen in far fewer numbers than commonly
occur in vertebrate capillaries and no fenestrations,
common to vertebrate endothelium, were observed.
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Hi s to chemi stry
The majority of carbohydrate substances cannot be
specifically identified histochemically.

Those few

specific techniques involve enzyme digestive procedures
that depend upon the specificity of the enzyme involved,
which is usually well known.

Other carbohydrate sub

stances can only be placed in broad groups by histo
chemistry.

Stains considered specific for a certain

group are based on a long history of trials which are
usually compared with other techniques such as chemical
analysis.

The classification of carbohydrates followed

here is that outlined by Thompson (1966), which includes
simple polysaccharides, acid and neutral mucopoly
saccharides, mucoproteins, and glycoproteins.

Simple

polysaccharides are polymers of primary sugars.
(polymer of d-glucose)
methylated d-galactose)

Glycogen

and galactogen (polymer of
are the primary simple poly

saccharides found in animal tissues.

Mucopolysaccharides

are mixed polymers of simple sugars and amino-sugars.
Acid mucopolysaccharides contain also acidic groups such
as sulfate, phosphate, and carboxyl groups.
combined as sulfate esters.

These may be

Mucoproteins and glycopro

teins are carbohydrates in firm chemical union with
protein.

The former is arbitrarily designated as con

taining more than four percent carbohydrate and the latter
less than four percent carbohydrate in conjunction with
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the protein.

For a detailed outline refer to Thompson,

1966 p. 375.
The following histochemical stains indicated that
the genital marking cells probably secreted a neutral
mucopolysaccharide while the peribasal cells produce
mucoprotein and acid mucopolysaccharide.

These reactions
v

and the reaction of the modified epidermal cells are
compared to the reactions of the mucus producing epidermal
goblet cells.

The rationale for these conclusions is pre

sented in the last section.
Histochemical tests were made on genital marking
cell (GM) , the peribasal cell (PB) , the modified epidermal
cell (ME) present in the genital marking, and for pur
poses of comparison, the epidermal goblet cell

(GC).

The

data recorded in Tables 1 through 5 and summarized in
Table 6 pertain only to the reactions of the cytoplasmic
secretory material.

These reactions were rated as intense

(++++), heavy (+++), moderate (++), light (+), questionable
(±) or negative (-) .

Reactions of other cellular com

ponents when important are referred to in the text.
Periodic acid - Schiff series

(PAS):

The three types

of cells associated with the genital marking stained
heavily (+++) with the PAS technique

(Table 1) indicating

the presence of neutral mucopolysaccharides, mucoprotein,
glycoprotein, or glycogen.

The secretory material of the

Table 1.
Treatment

Periodic acid-Schiff series
Intensity of PAS stain after indicated treatment

To demonstrate
2

GM

PB

ME

+++

+++

+++

GC

Toad liver'1'
++++

Oxidized

Carbohydrate

Unoxidized

Non-PAS material

-

-

-

-

Acetylated

Non-PAS material

-

-

-

-

Diastase

Enzymatic removal
of glycogen

+++

+++

+++

++++

a) Buffer
only

Effects of buffer
on reaction

+++

+++

+++

++++

++++

b) Water
only

Effects of water
on reaction

+++

+++

+++

++++

++++

++++

-

Not tested
+

Oxidized-treated with 0.8% periodic acid in PAS technique.
Unoxidized-treatment with periodic acid omitted.
Acetylated-treated with 2:3 acetic anhydride:pyridine for 12 hr. at room temperature
prior to PAS technique.
Diastase-treated with 0.1% diastase in 0.02M phosphate buffer (pH 6) containing 0.8%
sodium chloride for 1 hr. at room temperature prior to PAS technique.
1.
2.

Toad liver was used as a standard for glycogen.
Neutral mucopolysaccharides, mucoproteins, glycoproteins, and glycogen.
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epidermal goblet cell stained intensely (+++H-)..

The PAS

technique is based on the selective oxidation by periodic
acid of 1,2-glycol, 1-hydroxy-2-amino (primary amino),
1-hydroxy-2-alkyl amino (secondary amino), and 1-hydroxy2-keto groups forming at least one aldehyde group
son, 1966).
oxidation.

(Thomp

Free hydroxyl groups are a prerequisite for
While various carbohydrate/ lipid, and pro

tein substances react with periodic acid, proteins
usually react weakly with the Schiff reagent and lipids
a r e .usually removed by processing the tissues with lipid
solvents in the paraffin embedding technique.

Two control

procedures were employed to detect non-PAS materials which
could react with the Schiff reagent; namely, sections not
subjected to prior oxidation with periodic acid were
treated with Schiff reagent to detect any naturally
occurring aldehydes and also, the free hydroxyl groups
»

of carbohydrates were blocked by acetylation prior to
the PAS technique.

Both controls on the four cell types

failed to reveal any material which would interfere with
the PAS technique.

Since acid mucopolysaccharides usually

do not react with the Schiff reagent, the substances
probably responsible for positive reaction to the PAS
technique are neutral mucopolysaccharides, mucoproteins,
glycoproteins, or glycogen.

The possibility that glycogen

was responsible for the positive PAS reaction was
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eliminated by the failure of the enzyme diastase to
remove the PAS positive material.

The reactions of all

four cell types with the Schiff reagent were the same
after prior treatment with diastase as they were with
no prior treatment (Table 1).
Best's carmine series:

By comparing the PAS

reactions of untreated sections and sections subjected
to prior treatment with diastase it is difficult to
detect slight differences in intensity which would
indicate small quantities of glycogen in the tissues.
A series of slides was therefore subjected to Best's
carmine technique

(Table 2), a stain which is considered

to be relatively specific for glycogen in vertebrate
tissues.

Best's carmine also reacts strongly with

galactogen, a simple polysaccharide of repeating galac
tose units.

Galactogen is present in sufficient

quantities in some invertebrate tissues to interfere
with interpretation of the Best's carmine stain, but
galactogen can be distinguished from glycogen by its
resistance to diastase digestion and susceptibility to
pectinase digestion (Grainger and Shillitoe, 1952).

The

secretory material in the genital marking, peribasal, and
modified epidermal cells did not react at all with Best's
carmine technique.

The mucin produced by the goblet

cell stained intensely (HH-++) with Best's carmine technique
(Table 2).

The material responsible for the staining of

Table 2.
Treatment

To demonstrate

None

Glycogen

Diastase

Enzymatic removal
of glycogen

a) Buffer
only
Pectinase
a) Buffer
only

Effects of buffer
on reaction
Enzymatic removal
of galactogen

Best's carmine series
Intensity of Stain after indicated treatment
.
GM
PB
ME
GC
Taod liver1
-

-

-

++++

-

-

-

++++

-

-

-

++++

-

-

-

++++

Effects of buffer
on reaction

++++

++++

-

++++
++++

Diastase-treated with 0.8% diastase in 0.02M phosphate buffer (pH 6) containing
0.8% sodium chloride for 1 hr. at room temperature prior to Best's
carmine technique.
Pectinase-treated with 0.4% pectinase in acetate buffer (pH 4.2) for 24 and 44 hrs.
prior to Best's carmine technique.
1.

Toad liver was used as a standard for glycogen.

oj
VO
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the goblet cell proved to be resistant to both diastase
and pectinase digestion and was therefore neither
glycogen nor galactogen.

Thompson (1966) reported that

certain mucins stained with Best's carmine but the
reaction was weak.

Apparently the mucin elaborated by

the goblet cell of the earthworm epidermis has properties
not encountered in the vertebrate tissues for which
Best's carmine was originally employed.

The glycogen

granules of toad liver were subjected to Best's carmine
technique both with and without prior treatment with
pectinase and diastase to check the effectiveness of
the staining and enzyme digestion, techniques.

All of

these reactions responded as they should have for the
cytoplasmic granules that were known to be glycogen,
indicating that the techniques functioned properly.
Procedures for acid mucopolysaccharides:
blue is specific for acid mucopolysaccharides
and Anderson, 196 3).

Astra
(Barka

The epidermal goblet cells stained

intensely (++++) with astra blue while the peribasal cells
stained heavily (+++).

The genital marking cells and

modified epidermal cells gave only background staining.
Prior treatment of sections with hyaluronidase for the
specific removal of chondroitin sulfate A and C failed
to reduce the intensity of subsequent astra blue staining
of any of the cell types under consideration.

Chondroitin
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sulfate was therefore not the acid mucopolysaccharide
responsible for the observed staining.
Alcian blue is highly selective for acid mucopoly
saccharide when used in acid medium and shows a close
parallel to metachromatic staining methods

(Barka and

Anderson, 1963) for acid mucopolysaccharides.

Essentially

the same reactions were obtained with alcian blue as were
obtained with astra blue, but the colors were not as
intense.

The goblet cells stained heavily

peribasal cells stained moderately (++).

(+++) and the
The genital

marking and modified epidermal cells did not stain
(Table 3) .
Mayer's mucicarmine stain is relatively specific
for acid mucopolysaccharides produced by epithelial cells
whereas acid mucopolysaccharides produced by cells of
fibroblastic origin usually stain poorly

(Thompson, 1966).

Gomori (1954) states that only mucopolysaccharides of
relatively low acidity are stained by Mayer's mucicarmine.
Again the same reactions were obtained with Mayer's
mucicarmine as with astra blue and alcian blue, in that
the goblet cells stained intensely (+++:+) , the peribasal
cells stained heavily (+++.), and the modified epidermal
cells and genital marking cells did not stain.

Except

on the basis of intensity of staining, no one of the
three stains for acid mucopolysaccharides differentiated

Table 3.
Stain

Astra blue

Treatment

Procedures for acid mucopolysaccharides
Intensity of stain
To demonstrate
after indicated treatment

None

Acid mucopolys accharide

Hyaluronidase

Chondroitin
sulfate A and C

a) Buffer
only
Alcian blue

None

Mayer's
mucicarmine

None

Effect of
buffer on the
reaction
Acid muco
polysaccharide
Acid muco
polysaccharide

GC

GM

PB

ME

-

+++

-

++++

-

+++

-

++++

-

+++

-

++++

-

+

++

-

+++

Hyaluronidase-treated with 0.05% hyaluronidase in acetate buffer (pH 5.0) for 1 hr.
at 37° C prior to astra blue staining.

+++
++++
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between the secretory materials of the goblet cells and
peribasal cells.

The unusual affinity of the goblet

cell mucin for Best's carmine does indicate/ however,
that the secretory materials of these two cell types
are not identical.
Stains for the: metachromatic acid' mucopoly
saccharides, neutral mucopoly s ac chari des, and mucoproteins:

Azure A is a basic dye which undergoes a color

change from the normal

(orthochromatic) blue color to a

red-purple (metachromatic) color when bound to certain
tissue components

(chromotropes).

The metachromatic

reaction is an expression of the pattern and density of
anionic binding sites on the chromotrope molecule which
must be 5 angstroms or less apart to allow interaction
of adjacent bound dye molecules through dipole water
molecules (Thompson, 1966) .

This interaction effects

the resonance of the dye molecules and gives rise to
the metachromatic color change.

The anionic binding sites

which are responsible for metachromasia in descending
order of intensity are sulfate, phosphate, and carboxyl
groups.

Since water is an essential part of the reaction,

anything, such as ethanol which tends to displace water
will decrease or abolish the metachromatic reaction.
Sulfate and to some extent phosphate groups are more
resistant to alcoholic dehydration than carboxyl groups.
Cytoplasmic components which have anionic binding sites
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not in the required pattern will stain orthochromatically.
Acid mucopolysaccharides and acidic lipids containing
the above mentioned anionic groups are the usual naturally
occurring metachromatic cellular components.

Since most

lipids were removed when the tissues were processed with
lipid solvents, the major cellular components which give
alcohol resistant metachromatic reactions are acid muco
polysaccharides containing free sulfate and perhaps
phosphate groups.
The goblet and peribasal cells gave intense (++++)
and heavy (+++) metachromatic reactions respectively
with azure A in water mounts, but only the goblet cells
retained metachromasia after dehydration

(Table 4).

The

goblet cell mucin apparently contained some sulfated acid
mucopolysaccharide.

The peribasal cells reverted to

orthochromatic staining after alcoholic dehydration and
presumably contained acid mucopolysaccharide bearing
carboxyl or phosphoryl groups.

The genital marking cell

did not stain with azure A and the modified epidermal
cells stained lightly metachromatically which reverted
to orthochromatic after alcoholic dehydration (Table 4).
Neutral mucopolysaccharides and mucoprotein can be
induced to stain metachromatically by the introduction
of sulfate groups to their molecules
1963).

(Barka and Anderson,

Sulfonation did produce metachromatic staining

Table 4.
Stain

Procedures for the metachromatic acid mucopolysaccharides,
neutral mucopolysaccharides, and mucoproteins

Treatment

To demonstrate
GM '

Azure A

Bismark
brown

None

Acid mucopolys accharide

Sulfonation

Neutral muco- polysaccharide,
mucoprotein,
acid muco
polysaccharide

None

Mucoprotein

-

+++

Intensity of stain
after indicated treatment
PB
ME

GC

++++

+

+++*

++++

+

+++*

+++

+

* Retained metachromatic staining after alcoholic dehydration.

Ln
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of the secretory material of the genital marking cell
with azure A, but the met'achromasia was not alcohol
resistant (Table 4).

The failure to resist dehydration

could indicate either that there was a sparse pattern of
sites available for the addition of sulfate groups or
that insufficient time was allowed in the sulfonation
procedure to saturate all available sites.

No change

was observed in the reactions of the other cell types
with azure A after sulfonation (Table 4).
Bismark brown is relatively specific for muco
proteins

(Thompson, 1966).

The peribasal cells stained

heavily (+++) with Bismark brown, which indicates that they
contain some mucoprotein in their secretory material.

The

goblet cells stained lightly, but it could not be accu
rately determined whether the secretory material or the
reticulum between the secretory droplets produced the
reaction.

The genital marking and modified epidermal

cells did not stain with Bismark brown.
Procedures for proteins:

Bromphenol blue in

solution with mercuric ion is a general protein stain
(Barka and Anderson, 196 3).

The granules at the apex

of the modified epidermal cells showed moderate C++)
staining for protein while the granules of the peribasal
cell stained lightly (+): (Table 5).

The material of

the genital marking cell did not stain but the area of

Table 5.
Stain

Procedures for proteins

To demonstrate

Intensity of stain
G M .... ...... PB............. ME

GC

Mercuric bromphenol
Blue

Protein

_*

+

++

+

Napthol yellow

Protein

_*

+

+

-

* The GM cell stained heavily in regions of the cell base.
of the GM cell did not stain.

The secretory material
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the cell base corresponding to highly dilated cisternae
of rough endoplasmic reticulum (Fig. 9) stained heavily.
Napthol yellow, also a protein stain, gave similar
results, to mercuric brompheriol blue staining, excepit
that the granules of the modified epidermal cells did
not stain as heavily.
Review of pertinent stains:

By evaluation of the

series of histochemical stains applied to the cells of
the genital marking, some comparisons and eliminations
were possible

(Table 6).

All four cell types tested,

the genital marking, peribasal, modified epidermal, and
goblet cells, were PAS positive, indicating neutral muco
polysaccharide, mucoprotein, glycoprotein, or glycogen.
The failure of any of the PAS positive material to respond
to diastase digestion ruled out the possibility that
glycogen was responsible for the observed staining.
Subsequent staining with bromphenol blue and napthol
yellow failed to reveal any detectable amounts of pro
tein in the secretory material of the genital marking
cell.

This ruled out mucoprotein and glycoprotein,

leaving only the possibility that neutral mucopoly
saccharide was responsible for the PAS reaction (Spicer,
1963) .

This contention was supported by the positive

reaction of the genital marking cell to azure A after
sulfonation.

Table 6.

Pertinent histochemical tests on the secretory material of the GM and PB cells
Results

Stain

To demonstrate

PAS

Carbohydrate
(see text)

a) Diastase

Glycogen

Best1s carmine

Glycogen

Astra blue

Acid mucopolys accharide

a) Hyaluronidase

Chondroitin
sulfate A and C

Alcian blue

Acid muco
polysaccharide

Mayer's
mucicarmine

Acid mucopolys accharide

Azure A

Acid muco
polysaccharide

a) Sulfonated

Neutral muco
polysaccharide
and mucoprotein

Interpretation
GM cell

PB cell

+++

+++

Secretory material in the GM
and PB cells is a carbohydrate
Secretory materials not
glycogen.

+++
The PB cell contains acid
mucopolysaccharide but not
chondroitin sulfate A or C,

++

+

+++

Confirms acid mucopoly
saccharide in PB cell.

++++
+++

++++

The GM cell contains neutral
mucopolysaccharide or muco
protein .

Table 6.

(Cont'd)

Results
Stain

To demonstrate

Interpretation
GM cell

Bismark. brown

Mucoprotein

Mercuric
bromphenol blue

Protein

Napthol yellow

Protein

PB cell
+++

The PB cell contains muco
protein.

The PB cell contains protein,
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The peribasal cell (Table 6), in addition to being
PAS positive, was positive for protein and mucoprotein;
so one assumes that the mucoprotein was partly responsible
for the PAS reaction of this cell.

The peribasal cell

also gave a positive reaction for acid mucopolysaccharide.
The secretory material was not metachromatic with azure A
after alcoholic dehydration, which indicated that the
secretory material probably was not sulfonated as was
the mucin of the goblet cell (Thompson, 1966).

The

secretory material of the goblet cell was further dis
tinguished by its unusual affinity for Best's carmine;
the reason for this was not apparent.

The modified

epidermal cell in the genital marking was PAS positive,
stained orthochromatically with azure A and was positive
for protein.

DISCUSSION
Three cell types designated as modified epidermal
cells, peribasal cells, and genital marking cells are
found in association with the genital marking of Pheretima
hawayana.

The genital marking cells form the major com

ponent of the gland and were described by previous workers
for several species of Pheretima and Drawida (Stephenson,
1930; Ohfuchi, 1939; Tandy, 1969).

Apparently these

workers considered this cell type to be the sole component
of the gland since no mention was made of the other cell
types.

I have shown that peribasal cells are found not

only with the genital markings but also in the lips of
the male pores of P. hawayana.

The identity of the cells

was established on the basis of morphology and response
to histochemical stains.

Peribasal glands are also

present in the genital marking of one of the two species
re-examined.

P. diffringens does possess peribasal glands

while D. japonica does not.
The third cell type designated as the modified
epidermal cell has a similar fine structure and histo
chemistry as reported by Coggeshall (1966) for the columnar
epithelial cells of the earthworm epidermis.

The modified

epidermal cells in the genital marking bear the same close
52
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relationship to the cuticle as the cells of the epidermis.
Microvilli and half-desmosomes are present on the cuticular
surface.

ah

indications are that the cells are responsible

for supporting the glandular cells and maintaining the
cuticle over the genital marking.

The presence of coarse

bundles of tonofibrils which inserted on the half-desmo
somes supports my conclusion.

The modified epidermal

cells are not secretory to any detectable extent and the
small electron dense granules in the cytoplasm are
probably pigment granules such as those found in the
epidermis by Coggeshall

(1966).

Uneven distribution of

the pigment causes the genital marking to be darker in
the center than at the periphery.
The glandular cells, that is, the peribasal cells
and genital marking cells, pass between the modified epi
dermal cells to release their secretion through small
pores in the cuticle.

These cells are bound to the

supportive modified epidermal cells by a junctional
complex composed of a zonula adherens, macula adherens
and septate junction.

The junctional complex is like

that reported for L. terrestris

(Coggeshall, 1966),

except that the macula adherens is absent from the latter.
The septate junction was originally described by Wood
(1959, 1961) for Hydra.

He observed an intercellular

space of 120 angstroms traversed by trilaminar bars which
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he thought might be similar to the unit membrane.
Coggeshall (1966) reported that .the transverse bars of
L. terrestris were solid and not trilaminar.
observation was made here for P. hawayana.

The same
According

to Locke (1965) the septate desmosome might be of uni
versal occurrence among invertebrates.
could serve two functions:

The junctions

first, as an attachment

device and secondly, as a barrier to the entrance of
substances into the intercellular space.

The extensive

ness of the septate junction is a reflection of the
mechanical stresses put on the earthworm epidermis.
The septate junction is usually present on invertebrate
cells at points of added stress (Lintz, 1966).

The tight

junction (zonula occludens), which is common in the verte
brate junctional complex, was absent from all junctional
complexes observed in association with the genital
marking.

Coggeshall

(1965, 1966) speculated that this

deletion might be the rule for earthworm tissues.
The glandular elements of the genital marking
represent a specialized development of a relatively
common cell shape in the invertebrate.

Unicellular

epidermal glands of diverse functions are often found
in the same epithelium, a feature which is not usually
encountered in a single epithelium of higher organisms.
The .shortest of these cells was confined to the epithelium
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such as those scattered throughout the earthworm epi
dermis

(Grove and Cowley, .1926) .

Such cells become

subepidermal by elongation of the neck and by penetration
of the underlying connective tissue by the bases of the
cells as in the clitellum of earthworms
1926, 1927), the epidermis of slugs

(Grove and Cowley,

(Arcadi, 1963) and

the epidermis of planaria (Hyman, 1951).

A similar

transition from epidermal to subepidermal glands is
observed in the genital marking glands of several species
of Pheretima (Yamaguchi, 19 30).

The genital marking

gland of P. hawayana is therefore comparatively unusual
among the invertebrates only in the extreme length of
the cells and the fact that they are bound into circum
scribed macroscopic units.

Each of the cells retains

its connection with the epidermis and therefore acts as
its own duct.

The elongate neck also serves as a place

for the storage of secretory material.
Secretory mechanism
Active synthesis of the secretory materials of both
the genital marking and peribasal cells occurs in the
expanded basal portion of the cells.

The fine structure

of the cells consists of extensive development of cyto
plasmic organoids associated with the secretory process.
The nuclei of both cell types display characteristics of
cells engaged in active synthesis; that is, fine chromatin
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material and a prominent nucleolus are enclosed by a
scalloped nuclear membrane, all indications of the
active transmission of genetic information to the cyto
plasm (Kurosumi, 1961).

Histochemical tests indicated

that the secretory materials of the genital marking
and peribasal cells differed significantly and this is
reflected in the development of certain cytoplasmic
organoids.

Evidence was obtained for the probable

identification of the secretory material of the peri
basal cell as mucoprotein and acid mucopolysaccharide.
The genital marking cells respond to tests for neutral
mucopolysaccharide and showed no detectable amounts of
protein in the secretory material.

The presence of

protein in the secretory material of the peribasal cell
is reflected in the presence of an extensive network of
rough endoplasmic reticulum in the base of the cell
(Fig. 30) whereas the organoid is less well developed
in the genital marking cell (Fig. 31).

Rough endoplasmic

reticulum is always plentiful in the cytoplasm of cells
engaged in the secretion of protein material
Porter, 1954; Fawcett, 1966).

(Palade and

The presence of ribo

nucleic acid on the extensive lamellae of endoplasmic
reticulum probably accounted for the cytoplasmic baso
philia noted in the peribasal cell.

The amounts of rough

endoplasmic reticulum here was in fact surprising
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considering the weak protein reaction of the secretory
material.

The nature of the binding of the protein with

the carbohydrate component of the secretory material
might have limited the response of the secretion to the
protein stains.

This effect was also noted by Pedersen

(196 3) with respect to the unicellular cyanophil glands
of planaria.

The cyanophil

to histochemical stains

cell gave strong responses

forneutral and acid mucopoly

saccharide but a weak reaction for protein; and yet,
had an extensive system

of rough endoplasmic reticulum

in the basal cytoplasm.
The mechanism of production of carbohydrate secre
tory materials is by no means as well understood as the
formation of proteins.

It was suggested that carbohydrate

was produced in the Golgi complex and linked with protein
produced in the rough endoplasmic reticulum where a complexed secretory product was elaborated (Fawcett, 1966) .
It is also assumed that the Golgi complex manufactures
the membrane that encloses the final secretory product
(Hirsch, 196 8).

The Golgi complex is extensive in both

the genital marking and peribasal cells.

In the latter

case the Golgi complex is located mainly in the supra
nuclear region and represents the site of origin of the
presecretory droplets

(Fig. 30) .

In the nature of its

secretory product and fine structure, the pefibasal cell
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is therefore not unlike the. vertebrate intestinal
goblet cell (Freeman, 1962)..
The fine structure of the genital marking cell
is especially interesting in that the secretory material
appeared to be entirely carbohydrate.

As was mentioned

previously, the rough endoplasmic reticulum is sparse
in the genital marking cell and is limited mainly to the
perinuclear area (Fig. 31).

The extensive lamellae of

Golgi complex are located parallel to the basal and
lateral plasmalemma.

The area of cytoplasm between the

rough endoplasmic reticulum is filled with smooth ele
ments of the cytoplasmic vacuolar system.

The latter

is composed of small vesicles and dilated cisternae
bounded by indistinct membranes that bore no ribosomes.
In this region the secretory droplets are formed and the
whole area had a foamy appearance (Fig. 31).

Most of

these elements can not be positively identified as
originating from the rough endoplasmic reticulum or the
Golgi complex.

Although it has been reported that in

some cell types secretory droplets arise from the rough
endoplasmic reticulum (Khodin, 1963), it is doubtful
that this occurs in the genital marking cell, in that
the secretory material is entirely carbohydrate and in
any event the rough endoplasmic reticulum is not extensive
enough to account for the quantity of secretory material
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elaborated.

Most of the foamy area must therefore be

attributed to either smooth endoplasmic reticulum or
Golgi complex.

Still, speculation on the method of

carbohydrate production must include the formation of
enzymes to promote the synthesis of the secretory
material, and this is presumably accomplished by the
ribosomes.

Secondary association of the enzymes with

membranes arising from the Golgi complex could result
in a localized region for the production of carbohydrate.
Sjostrand (1968) suggested that the increase in density
of the secretory droplets as they leave the Golgi complex
area was due to the activity of the droplet itself regard
less of its proximity to the Golgi complex.
The secretory droplets arise in the genital marking
cell by the coalesence of small droplets like those which
originated from the Golgi complex; these presumably con
tain carbohydrate.

Other workers have reported a similar

process in cell types that secrete neutral mucopoly
saccharide, such as the gastric surface epithelial cell
(Kurosumi, 1961; Ito and Winchester, 1963).

These small

vesicles arose from the mature face of the Golgi complex
which is particularly responsive to carbohydrate stains
in some cell types
e t .: al., 1969).

(Arzac and Flores, 1956; Rambourg

The membrane and the enclosed material

of the larger droplets may therefore both be derived
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indirectly from the Golgi complex by way of the small
vesicles.

Although the lamellae of the Golgi complex

have been stained for phospholipid and other substances
that pointed to the synthesis of membranes (de-Ther 1968),
some suggestions have been made that the Golgi complex
could also be responsible for the accumulation of pre
cursors of synthesis.

In other cell types the Golgi

complex has been linked along with the cell membranes
in active transport of substances both into and out of
the cell (Novikoff e t . al., 1962).

The localization of

the Golgi complex close to the plasmalemma suggests that
this also could be possible in the genital marking cell.
Storage and release of the secretory product
The presence of long membranous tubes on each of
the genital marking and peribasal cells is one of the
more striking features of the glands.

As mentioned

previously this is not an uncommon feature among inverte
brates where similar cells of various lengths are found
from intraepidermal to subepidermal glands.

The tubular

portion is enclosed by a single membrane and was devoid
of cytoplasmic organoids except a longitudinal array of
microtubules.

Skaer (1961) reported a similar arrange

ment in the neck of the subepidermal cyanophil glands of
planaria.

Similar structures were noted by Werner (1969)

in Dugesia tigrina.

Skaer identified the structures as
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filaments 200 to 220 angstroms in diameter.

These

structures are of the same size in P.; hawayana but appear
to have an electron lucid center and are therefore identi
fied as microtubules.

The microtubules are probably

supportive or contractile in nature.

Considering the

length of the genital marking and peribasal cells and
the stress imposed upon them by contraction of their
muscular coats, it is not surprising that cytoskeletal
elements are evident.

The microtubules are closely

applied to' the secretory droplets and appear to keep
them a constant distance away from the plasmalemma.
Although there are individual differences between
the cells and some fusion did occur, most of the secre
tory droplets retain their integrity until they reach
the apex of the cell.

In the apical region the membranes

enclosing the droplets disintegrate and the secretory
material, along with membrane remnants and a little cyto
plasm, are released through the pores in the cuticle.
This is then an apocrine type of secretion (Kurosumi,
1961).

Contraction of the muscular coats around the

stalk of the genital marking and peribasal cell would
force the extrusion of most of the secretory material
at once.

Some vertebrate glands possess myoepithelial

cells in the secretory epithelium (Werner, 1961), which
upon contraction constrict the lumen of the gland and
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expell the secretory material, but the presence of
muscles that actually force secretory material from the
cell as occurs with the genital marking and peribasal
cells, appears to be unique.
Function of the genital marking
The presence of a complex glandular mass in a cir
cumscribed area near the reproductive pores led past
workers to speculate that the genital markings were active
during copulation.

This act is accomplished in most earth

worm species by the approach of the hermaphroditic part
ners from opposite directions resulting in a close mutual
approximation of the male pores of one worm with the
spermathecal pores of its mate.

Mutual sperm transfer

then occurs from the male pores of one to the spermathecal
pores of the other.

There are differences in the behavior

of the various species of worms during coition and unfor
tunately the behavior of P. hawayana during this act has
not been completely described.

Some earthworms of the

family Lumbricidae have modified setae which are used to
hold the worms together during the process.

Masses of

gland cells like the genital marking glands produce a
sticky material which presumably has the same function
as that of the setae CStephenson, 1930) .

Although pheretima

lack special copulatory setae it is most probable that the
function of the genital marking glands is also to produce

a material that aids in the adherence of mating worms.
The mucopolysaccharide and mucoprotein elaborated by
the cells of the genital marking belong to a class of
substances that vary greatly in their degree of hydration
and are capable of becoming solids, jellies, or viscous
substances which could conceivably be.utilized as adhesive
substances.

The muscular coats are arranged in a way that

suggests extrusion of the secretory material all at once,
possibly during coition.

Finally, the shape of the

genital markings and the presence of muscles inserting
on them permits speculation that they might act like small
suction cups.
The means by which earthworms locate and recognize
their mates and bring about the proper approximation of
their reproductive pores remains
unsolved problem.

an

interesting but

It is possible that one or both of

the glandular cells in the genital marking also produce
pheromones or recognition substances.
suggested by other workers

This had been

(Beddard, 1912; Tandy, 1969)

but final proof of this hypothesis would require careful
behavioral studies.
The third function suggested for the genital marking
in the past was that of producing albumen for the cocoon
(Beddard, 1895).

The results, of this investigation do not

favor this theory since the genital marking cells secrete
a carbohydrate material, and the peribasal cells which
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had protein in the secretory material are not present in
sufficient numbers to fill the requirements of the cocoon.
The production of albumen probably takes place in the
eliteHum

(Grove, 1925; Grove and Cowley, 1926, 1927;

Lufty, 1965a, 1965b).

These workers applied histochemi-

cal stains to the cells of the clitellum and obtained
entirely different results than those given by the geni
tal marking and peribasal cells.

The reactions of the

cells in the genital marking also differ significantly
from the reactions of the goblet cells found throughout
the epidermis of the earthworm.

The mucus produced by

the goblet cell serves as a lubricant, and as a protec
tive substance for the epidermis

(Laverack, 1963).

If indeed the genital markings serve as organs to
promote the adherence of copulating worms the fact still
remains that some species of Pheretima lack genital
markings entirely and do not seem to be hindered by the
omission.

Any conclusions along this line are further

complicated by the observation that some Pheretima are
apparently parthenogenic.

Gates

(1960) lists seventeen

species of Pheretima which he believed to be parthenogenic in some parts of their ranges.

Some of these are

characterized by a juvenile condition of the genital
organs.

P. hawayana is not parthenogenic

CGates, 1965),

but correlative studies' of parthenogenesis and absence
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of genital marking glands would shed considerable light
on the function of the glands.

SUMMARY
The genital marking of Pheretima haway an a is a
disc-shaped modification of the epidermis associated
with three cell types each of which originated from
the epidermis.

The shortest of the cells is a supportive

cell containing many tonofibrils and small granules tenta
tively identified as pigment granules.

This cell type is

similar in many respects to the columnar epithelial cell
of the epidermis and may function to maintain the cuticle
over the genital marking.
The other two cell types in the genital marking are
glandular.

Of these, the main cell type was designated

as the genital marking cell.

The other glandular cell,

which had not been previously identified in the genital
marking, was designated as the peribasal cell because of
its location around the edge and base of the group of
genital marking cells.

It was identified also in one

of two species reexamined (P. diffringens).

D. japonica

did not possess peribasal cells in the genital marking.
Both glandular cells are composed of an elongated
neck, in which the secretory material was stored prior
to transportation to the surface; and an expanded base,
which contained the nucleus and cytoplasmic organoids.
66
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The latter region was the site of production of the
secretory material.

Histochemical tests used indicated

that the secretory material of the genital marking cell
was a neutral mucopolysaccharide while that of the peri
basal cell consisted of acid mucopolysaccharide and
mucoprotein.

The difference in the secretory materials

is reflected in the nature of the cytoplasmic organoids
concerned with the elaboration of secretions.

In both

cells, especially the genital marking cells, the Golgi
apparatus which is concerned with the packaging of secre
tory materials and possibly the production of carbohy
drates, is well developed.

Rough endoplasmic reticulum,

which is concerned with the production of protein materials,
is well developed in the peribasal cells, indicating that
the secretory material contained protein.

Rough endoplas

mic reticulum is comparatively sparse in the genital marking
cells which secreted carbohydrate.

Instead, there are in

the genital marking cells numerous flattened sacs and
vesicles probably derived from the Golgi complex or smooth
endoplasmic reticulum.
The results of this investigation supports one of
the three theories concerning the function of the genital
marking? that is, the elaboration of a sticky substance
which facilitates the adherence of mating worms.

This is

suggested by the nature of the secretory materials, the

68

arrangement of the muscular coats of the gland, and. the
shape of the genital marking which indicated that it
might be used as a small suction cup.

The theory that

one or both types of glandular cells secreted attractive
substances is a possibility that cannot be excluded com
pletely.

But on the other hand, my work does not sub

stantiate the third theory, that the genital marking
gland produces albumen for the cocoon.
to be a function of the clitellum.

This is conceded
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'Figure 1.

Ventral surface of Pheretima hawayana.
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Female pore (Segment XIV)
Genital marking (Segment XVIII)
Male pore (Segment XVIII)

Dissection of P. hawayana through dorsal
body wall.
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Figure 3.

A cross section of segment XVIII passing
through the male pore and genital marking.
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Figure 4.

A section through the body of the genital
marking gland. 250 X.
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Figure 5.

Nuclei of the genital marking cells
Stalk

A cross section through the genital marking.
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Figure 6.

A composite drawing of the genital marking
complex.
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Figure 7.

A composite drawing of the genital marking
complex indicating, by numbers, the areas
from which the following electron micro
graphs were taken.
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Figure 8.

Base of the genital marking cell.
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Base of the genital marking cell.
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Figure 10.

The coelomic and lateral surfaces of the
genital marking cell.
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Figure 11.

Nuclear area of the genital marking cell.
15,000 X.
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Figure 12.

Supranuclear area of the genital marking cell.
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Figure 13.

Evolution of the secretory droplets of the
genital marking cell from dilated cisternae
1-3.
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Figure 14.

A portion of the stalk of the genital marking
gland which lies in the coelom.
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Figure 15.

A portion of the stalk of the genital
marking gland which lies in the coelom.
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Figure 16.

A portion of the stalk which is embedded in
the body wall showing the tubular portion of
the genital marking cells filled with secre
tory droplets.
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Figure 17.

Central area of the genital marking showing
the terminal portions of the genital marking
cells and the modified epidermal cells.
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Figure 18.

Central area of genital marking showing
nuclear area of the modified epidermal cells.
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Central area of the genital marking.
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Figure 20.

Base of the peribasal gland.
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Figure 21.

Base of the peribasal cell.
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The nuclear area of the peribasal cell.
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Figure 24.

Stalk of the peribasal gland and surrounding
tissue.
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Figure 25.

An area near the '.periphery of the genital
marking showing the terminal portions of
the peribasal cells filled with secretory
droplets.
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Figure 27.

Detail of a representative junctional
complex and the apical cytoplasm of the
modified epidermal cell.
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Figure 28.

Two capillaries in the body of the genital
marking gland.
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Figure 29.

The system of convoluted blood vessels
near the base of the genital marking stalk.
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Figure 30.

Diagram of the peribasal cell.
D
G
N
R

Secretory droplet
Golgi complex
Nucleus
Rough endoplasmic reticulum

Figure 31.

Diagram of the genital marking cell.
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